Introduction
Recombinant monoclonal antibodies (mAbs) are valuable therapeutics for various conditions, including inflammatory diseases and cancer. 1, 2 The production of these glycoproteins in mammalian cell culture systems results in a remarkable macroand microheterogeneity. The heterogeneity is often due to posttranslational modifications like N-terminal pyroglutamic acid, C-terminal lysine heterogeneity, and glycosylation. Glycosylation is one of the most important post-translational modifications of mAbs because it affects properties critical to their development as therapeutics, e.g., solubility, structural stability, clinical efficacy. 3, 4 Pronounced heterogeneity of protein glycoforms is often observed. Therapeutic mAbs are normally of the IgG isotype. Each heavy chain has in the Fc part an N-glycan chain linked to asparagine 297. 5 Depending on the expression system, various complex-type, hybrid-type and high-mannose type glycans may be found at this site. 5, 6 The complex-type glycan species often show heterogeneity with regard to the presence of a core fucose and bisecting N-acetylglucosamine. Additionally, they vary in galactose and sialic acid content of the antennae. [4] [5] [6] [7] IgGs may carry an additional N-glycan in the variable region of the fragment antigen-binding (Fab) portion. It has been shown that the Fab N-glycans are generally highly galactosylated and have a higher degree of sialylation. 8, 9 Antibody effector functions are greatly influenced by the glycosylation pattern. The different glycan species often represent so-called critical quality attributes (CQAs) and must be carefully monitored. 10 Galactosylation can affect the complementdependent cytotoxicity by improving the binding to C1q. 11 The absence of core fucose results in an increase in antibody-dependent cell-mediated cytotoxicity (ADCC). 12, 13 Sialylation may induce anti-inflammatory effects via Th2 signaling and decrease ADCC via reduced interaction with Fcγ receptors.
14,15 mAb glycosylation may also influence pharmacodynamic and pharmacokinetic behavior [16] [17] [18] [19] [20] and may even be the target of adverse immune reactions against terminal alpha1-3 bound galactose and N-glycolylneuraminic acid. [21] [22] [23] [24] It is difficult to predict and control glycosylation patterns because N-glycan structures also depend on cultivation conditions, such as temperature, pH, and by-products like lactate. 25 Therefore, monitoring IgG glycosylation is essential in the High-throughput glycosylation analysis of therapeutic immunoglobulin G by capillary gel electrophoresis using a DNA analyzer
The Fc glycosylation of therapeutic antibodies is crucial for their effector functions and their behavior in pharmacokinetics and pharmacodynamics. To monitor the Fc glycosylation in bioprocess development and characterization, high-throughput techniques for glycosylation analysis are needed. Here, we describe the development of a largely automated high-throughput glycosylation profiling method with multiplexing capillary-gel-electrophoresis (CGe) with laser induced fluorescence (LIF) detection using a DNa analyzer. after PNGaseF digestion, the released glycans were labeled with 9-aminopyrene-1,3,6-trisulfonic acid (aPTS) in 96-well plates, which was followed by the simultaneous analysis of up to 48 samples. The peak assignment was conducted by HILIC-UPLC-MS/MS of the aPTS-labeled glycans combined with peak fractionation and subsequent CGe-LIF analysis of the MS-characterized fractions. Quantitative data evaluation of the various IgG glycans was performed automatically using an in-house developed software solution. The excellent method accuracy and repeatability of the test system was verified by comparison with two UPLC-based methods for glycan analysis. Finally, the practical value of the developed method was demonstrated by analyzing the antibody glycosylation profiles from fermentation broths after small scale protein a purification. biotechnology industry and glycosylation is an important marker for process robustness in process development, medium development, clone selection, process characterization/validation studies and release analytics. 3, 5, 12 A wide range of analytical methods are available to monitor protein glycosylation targeting intact glycoproteins, glycopeptides (after proteolytic cleavage) or released glycans, including mass spectrometry (MS)-based methods, high performance anion exchange chromatography with pulsed amperometric detection (HPAEC-PAD), and high performance liquid chromatography (HPLC)-based methods relying on fluorescence labeling of the glycans. 3, 26 These methods have been reviewed by Huhn et al. and Marino et al. 27, 28 Capillary electrophoresis (CE) techniques have also been used for glycosylation analysis. In this approach, the glycans are generally derivatized with a fluorophore that carries one or more negative charges to allow electrophoretic separation. The tag, in most cases 9-aminopyrene-1,3,6-trisulfonic acid (APTS) is introduced at the reducing terminus of the glycan via reductive amination [29] [30] [31] and mass spectrometric detection may be applied. 32 Callewaert et al. introduced the electrophoretic separation and fluorescence detection of glycans by means of a multicapillary DNA analyzer. 33, 34 These systems, which are commonly used in molecular biology laboratories, use polyacrylamide-based gels for separation and apply an argon laser to excite the fluorescent tag of the glycans. The suitability of the method for glycosylation analysis was demonstrated by several investigators for a broad range of analytes, including biopharmaceuticals and clinical samples. 31, [35] [36] [37] [38] [39] [40] [41] This approach is particularly amenable for high-throughput analysis of glycans, as DNA analyzers are available with various formats of capillary arrays, allowing the parallel measurement of up to 96 samples. 34 We present here the development of a high-throughput capillary-gel-electrophoresis with laser induced fluorescence (CGE-LIF) method for IgG glycosylation analysis with a commercially-available DNA analyzer. For peak identification, APTS-labeled glycans were subjected to two-dimensional separation applying in the first dimension hydrophilic interaction ultra performance liquid chromatography (HILIC-UPLC) with mass spectrometry (MS) detection and in the second dimension CGE-LIF of the MS-characterized HILIC-UPLC peaks. In addition, spiking with commercially-available standards was applied for peak identification. The successful application of the CGE-LIF method in process development studies was demonstrated. 
Results

Method development
A CGE-LIF method was established for the glycosylation analysis of therapeutic mAbs for two applications: (1) the glycosylation analysis at the drug substance level, and (2) the glycosylation analysis after automated small scale purification of the antibodies with protein A columns directly from fermentation supernatants. The method involves desalting of the IgG samples by ultrafiltration, glycan release by PNGase F, APTS labeling, glycan separation by CGE-LIF using a DNA analyzer, and automated data evaluation (Fig. 1) .
A typical CGE-LIF profile for the APTS-labeled glycans of MAb1, the formulated drug substance of a marketed therapeutic antibody, including the basepair standard as internal reference for migration times, is shown in Figure 2A . For comparison, the corresponding HILIC-UPLC profiles obtained after APTS labeling and 2-AB labeling are shown in Figure 2B and 2C, respectively. The profiles show high similarity, with smaller glycans eluting first in both CGE-LIF and HILIC-UPLC.
For the CGE-LIF separation, migration positions of glycan peaks were expressed in basepair units relying on a fluorescentlylabeled DNA ladder that was detected by excitation at 587 nm and emission at 607 nm, not interfering with the detection of APTS-labeled glycans that occurs at 473 nm excitation and 520 nm emission.
CGE-LIF peak assignment on a DNA-analyzer is not feasible via direct coupling to a mass spectrometer, nor is the collection of eluting APTS-labeled glycans possible on such a system. Therefore, we relied on two approaches for peak assignment in CGE-LIF (Fig. 1, right) : (1) HILIC-UPLC with online mass spectrometric analysis, fractionation and subsequent CGE-LIF analysis of the collected APTS-labeled glycans that were assigned on the basis of the mass spectrometric data; and (2) CGE-LIF peak assignment via spiking experiments with commerciallyavailable glycan standards that were APTS-labeled.
CGE-LIF peak assignment via spiking with APTS-labeled glycans after HILIC-UPLC fractionation
Enzymatically released glycans of MAb1 were APTS-labeled and separated by HILIC-UPLC. For quantitation, peaks were detected with a fluorescence detector and the outlet of the column was online coupled to an ESI mass spectrometer. The fluorescence chromatogram is shown in Figure 2B . The corresponding total ion current (TIC) chromatogram is shown in Figure 3A . The identification of the HILIC-UPLC peaks was accomplished by comparing the experimentally detected molecular masses of the APTS-labeled glycans with their theoretical masses ( Table 1) . Because we used an Orbitrap mass spectrometer with a high mass accuracy, all abundant experimental masses could be unambiguously assigned to the corresponding glycan structure. As an example, the mass spectrum of the double-charged species of G0-F (H3N4) is shown in Figure 3A . Moreover, all detectable glycan structures were confirmed by MS/MS experiments as shown, for example, by the MS/MS spectrum of G0-F (H3N4) (Fig. 3B) . The fragmentation was conducted in the negative ion mode. Predominantely
2-ions of the y-type were observed. This might be due to the negative charge of the APTS label. Only minor signals corresponding to ring fragments could be detected, and the loss of hexoses and n-acetyl-hexose could be detected, and hence the structure unambiguously assigned. The two isomeric structures of G1 (H4N4F1) corresponding to the man α 1,3-and the α 1,6-arm could be separated with HILIC-UPLC and CGE-LIF, but could not be unambiguously assigned with MS/MS. The same holds true for the two isomeric structures of G1-F (H4N4); however, literature suggests that the earlier eluting peaks correspond to the α 1,6-arm and the later eluting peak to the α 1,3 arm. The relative amount of the peaks is consistent with that reported for IgG1 glycan structures. 42 Because the effect of the two isomeric structures is unclear, we report the sum of G1 (H4N4F) and G1-F (H4N4), respectively.
From another HILIC-UPLC run, fractions of the APTSlabeled glycans of MAb1were collected and individual fractions corresponding in each case to a peak in HILIC-UPLC were spiked into the APTS-labeled glycans of MAb1 prior to CGE-LIF analysis. Figure 4A shows the CGE-LIF electropherogram of APTS-labeled glycans of MAb1, Figure 4B and 4C show the CGE-LIF results of APT-labeled glycans of MAb1 spiked with the collected peak assigned by mass spectrometric analysis as G0-F (H3N4) or Man5-F (H5N2), respectively. The first spiking experiment identified G0-F (H3N4) as the minor peak eluting at 252 base pair units (Fig. 4B) . In the second experiment Man5-F (H5N2) was spiked into the APTS-labeled glycans of MAb1 showing co-elution with the peak at 248 base pair units. The same holds true when mMan3 (H3N3F1) is spiked into the APTS-labeled glycans of MAb1. It could thus be shown that G0-F (H3N4) could be unambiguously assigned in the CGE-LIF glycan pattern, whereas Man5-F (H5N2) and mMan3 (H3N3F1) co-elute. With the exception of these co-eluting glycan structures, all abundant peaks of the CGE-LIF electropherogram could be assigned by applying this strategy (summarized in Table 1 ).
CGE-LIF peak assignment via spiking with commerciallyavailable glycan standards
To confirm the assignment of the peaks of the CGE-LIF glycan pattern and to corroborate the co-elution of Man5-F (H5N2) and mMan3 (H3N3F1), commercially-available glycan standards were APTS-labeled and spiked into the glycans of MAb1 after APTS-labeling and subsequently analyzed with CGE-LIF.
As an example, the spiking of MAb1 with APTS-labeled G0-F (H3N4), Man5-F (H5N2) and mMan3 (H3N3F1) is shown in comparison to the non-substituted MAb1 sample in Figure 5 .
These experiments confirm the results achieved via spiking with APTS-labeled glycans after HILIC-UPLC fractionation and demonstrate that the two glycan species Man5-F (H5N2) and mMan3 (H3N3F1) cannot be separated by the applied CGE-LIF system. This must be taken into account if, for example, the amount of afucosylation of the therapeutic antibody has to be determined, as this peak may contain both a core-fucosylated (mMan3) and a non-core-fucosylated glycan species (Man5-F). With HILIC-UPLC analysis of APTS-labeled and 2-AB-labeled glycans of MAb1, we could elucidate that the selected material does contain both mMan3 and Man5-F structures amounting to 0.7% and 1.7% with HILIC-UPLC of APTS-labeled glycans and 0.5% and 2.0% with HILIC-UPLC of 2-AB-labeled glycans, respectively ( Table 2 ). All major glycan peaks could be assigned with the employed strategy ( Table 1 , raw data not shown). In summary, the main species detected were G0 (H3N4F1), G1 (H4N4F1) and G2 (H5N4F1) with a relative abundance of 36.6%, 43.3% and 8.7% and migration positions of 282, 319, and 363 base pair units (Table 1 and 2 ). Minor components, however, could also be detected at migration positions ranging from 248 to 333 base pair units. These are G0-F (H3N4) with a relative abundance of 4.8%, G1-F (H4N4) with a relative abundance of 3.2% and G2-F (H5N4) with a relative abundance of 0.4%. As previously stated, the glycan species mMan3 (H3N3F1) and Man5-F (H5N2) co-elute at 248 basepairs so they can only be reported as sum, with a relative abundance of 1.8% (see Tables 1 and 2) .
Repeatability of the CGE-LIF method
To test the repeatability of the developed CGE-LIF method, eight individual samples of MAb1 were deglycosylated and the glycans were labeled separately with APTS and subsequently analyzed with CGE-LIF by the DNA analyzer. The analyses were repeated twice on different days. As can be seen in Figure 6 , the repeatability (given in the standard deviation of the individual bars) and the intermediate precision (given in the difference between the individual bars in different color for each glycan species) was excellent. The relative standard deviation for the major 4 peaks was found to be below 0.5% throughout. In conclusion, our glycan analysis method is very robust and precise.
Sensitivity of the CGE-LIF method
All glycans expected to be present in the Fc part of an antibody expressed in Chinese hamster ovary (CHO) cells could be detected with a sensitivity that is comparable to the sensitivity achieved with chromatographic methods. The absolute sensitivity of the CGE-LIF method, however, is much higher. We start with 5 µg IgG (~33 pmol). Because a 1:20 dilution step is included in the sample preparation, it should also be possible to analyze 0.25 µg IgG corresponding to 1.6 pmol. The limit of detection is surely far below as we could also detect and quantitate peaks with a relative abundance of 0.4%. 
Comparison to other methods for glycosylation analysis
The developed method was used to analyze IgG glycosylation of MAb1. For comparison, two other methods for glycosylation analysis were applied. In the first approach, glycans of MAb1 were cleaved with PNGase F, APTS-labeled, separated with a HILIC-UPLC and analyzed with a fluorescence detector.
The second method, HILIC-UPLC of 2-AB labeled glycans, is the "gold standard" established in our laboratory. Briefly, glycans were released with PNGase F, labeled with 2-aminobenzamide, cleaned up with a Nanosep centrifugal device and separated with HILIC-UPLC with fluorescence detection.
For better comparison of all methods, six replicates were analyzed and the standard deviations were calculated.
Besides the main glycoforms that are expected for a therapeutic antibody produced in CHO cells, which are H3N4F1 (G0), H4N4F1 (G1) and H5N4F1 (G2) for all applied methods, the same minor glycan species could be detected and quantified as well, with standard deviations between 0.1% and 0.8%, which signify a high precision and repeatability ( Table 2) . Because mMan3 (H3N3F1) and Man5-F (H5N2) cannot be separated by CGE-LIF, the sum value is given under Man5-F. The relative amounts of MAb1 N-glycans as determined by the three methods were very similar, although different labels and separation techniques were employed.
In conclusion, our newly developed method gives essentially the same results as our gold standard method that we have validated for glycosylation analysis of biotherapeutics.
Application for process development One of the typical applications for the developed test method is analysis of the glycosylation profile of a fermentation timecourse. In this case, samples were taken each day from the beginning of the fermentation to day 10, purified by protein A chromatography, and analyzed with CGE-LIF after glycan release and labeling. Glycan analysis was performed in a single experiment after finalization of the fermentation.
The time-course for six different glycoforms from day 1 to day 10 is shown in Figure 7 . As expected for a fermentation of therapeutic antibodies in CHO cells, the relative amount of G0 glycan (H3N4F1) increases with time and, accordingly, G1 glycan (H4N4F1) decreases with time. For the other glycans, the difference with fermentation time is less pronounced. 
Discussion
The biological relevance of glycosylation and state-of-theart analytical glycan profiling methods have been reviewed, [43] [44] [45] and high-throughput technologies for glycan analysis have been recently reported. [46] [47] [48] We developed a high-throughput method for the glycosylation analysis of recombinantly expressed IgGs by capillary gel electrophoresis using a DNA analyzer. The highthroughput analysis is achieved by a high degree of automation and by multiplexing that allows up to 96 samples to be analyzed concurrently. We used a commercially-available labeling kit from Prozyme that was originally developed for conventional capillary electrophoresis applications, which helps to minimize the handson time in the laboratory. The theoretical sample throughput is enormous. Using the 96-capillary setting, and allowing for the 45 min run-time for one CGE-LIF analysis, up to 3000 samples can be analyzed in a day.
Because the DNA analyzer cannot be directly coupled to a mass spectrometer, alternative methods for peak characterization must be employed. We used a pre-fractionation approach with concomitant MS/MS characterization of APTS-labeled glycans. As an alternative method, commercially-available standards were used in spiking experiments. The two presented strategies for the characterization of the glycans should be applicable for the glycan analysis of mAbs from various expression systems, as well as other therapeutic glycoproteins. Glycan structural assignment has to be conducted only once for an individual antibody because the characterized peaks can be linked directly to basepair units in the developed software, and hence the peaks can be unambiguously assigned in each run.
The CGE-LIF DNA analyzer system has a separation power comparable to HILIC-UPLC after APTS-labeling and 2-AB labeling, respectively. The entire glycan repertoire of MAb1, which is typical for a therapeutic antibody expressed in CHO cells, could be separated with the exception of mMan3 (H3N3F1) and Man5-F (H5N2), which were found to co-elute. If an exact level of afucosylation must be calculated, this has to be taken into account as mMan3 (H3N3F1) is fucosylated and Man5-F (H5N2) is not.
The detected relative amounts of MAb1 glycan species were highly comparable to the results we obtained with our "gold standard" method HILIC-UPLC following 2-AB-labeling or APTS-labeling. The method proved to be very robust. We used 4 different batches of capillaries and at least 5 different batches of running buffer. As our laboratories are temperature-controlled, we do not know to which extent the separation is influenced by temperature changes.
With the experiments described here, we could show that the CGE-LIF method has an excellent separation power, a very good repeatability and intermediate precision, and possesses a Table 2 . Quantitation, comparison to alternative methods Where applicable standard deviations are given in parentheses. Six replicates were analyzed side by side high robustness. The standard deviations were very close to those reported previously by Schwarzer et al. The use of DNA fragments for normalization was reported by other groups and proved to be very useful in our hands. 40 The comparison to other methods gives us also a very high confidence that we determine ratios of glycan species without a vast bias. Over the course of two years, we analyzed thousands of samples and the CGE-LIF with a DNA analyzer is now used routinely for samples for process development. We are currently developing adapted CGE-LIF methods for the analysis of glycoengineered antibodies, Fab glycosylated antibodies and other glycoproteins like EPO.
The CGE-LIF method can be used with fermentation broths. In this case, small scale purification with protein A material must also be employed, but this step can be automated. We presented the glycosylation data of a fermentation time-course used for process development, process characterization and process validation studies. The change of the glycosylation status of an IgG in the course of a fermentation could be shown. Likewise, the method should be capable of detecting glycosylation changes associated with process changes.
In conclusion, CGE-LIF analysis with a DNA analyzer can generate data that help to keep a production process within the desired design space or assess that a comparable drug substance is being produced after process changes (comparability), but could be used for release analytics due to its robustness. Because the method is rather simple and does not rely on mass spectrometry, we expect that it can also be run in non-specialized laboratories or in an at-line analytics setting near the fermentation process. The method is fast, robust, and cost-efficient, and has great potential for use in all laboratories involved in glycomics.
Materials and Methods
MAb1, a marketed antibody, was produced in a CHO cell line and purified by the Downstream Processing Group at Roche GmbH. rProtein A-Sepharose™ fast flow product was obtained from GE Healthcare. N-Glycosidase and 10 × phosphate buffered saline (PBS) were obtained from Roche Diagnostics. Water was purchased from J.T.Baker. Acetonitrile was bought from Fluka. Glycan standards were purchased from Prozyme. The sample preparation method was designed in 96-well plates allowing full automation. For automation of pipetting steps we used a Hamilton Microlab Star Robot.
Small scale purification with Protein A columns One ml of fermentation supernatant was filtered in AcroPrep™ Advance 96-Well Filter Plates 1.2 µm Supor from Pall and applied to a Atoll column filled with 50 µl MabSelect SuRe (GE Healthcare). MAb1 was eluted with 2.5 mM HCl pH2.6. The protein content was assessed with a UV spectrometer and 5 µg MAb1 were automatically transferred to a AcroPrep™ Advance 96-Well Filter Plates 30K Omega from Pall by means of a TECAN Freedom Evo robot. Water was added to give a final volume of 300 µl. The plates were centrifuged three times after addition of 300 µl water for five min with 1500 g.
Sample preparation bulk samples
Samples from small purification with Protein A columns or bulk samples with an IgG content of about 5 µg were transferred to AcroPrep™ Advance 96-Well Filter Plates 30K Omega from Pall and water was added to give a final volume of 300 µl. The plates were centrifuged three times after addition of 300 µl water for five minutes with 1500 g.
Deglycosylation of IgGs
Samples were reconstituted in 50 µl of water containing 1 µl of PGNaseF (250 U of enzyme were dissolved in 250 µl H 2 O). Filter plates were sealed and the samples were directly incubated on the filter plates at 37 °C overnight. The released glycans were separated from IgG via the filter plates by centrifugation for Figure 6 . repeatability of the IgG glycosylation analysis by CGe-LIF. IgG samples were analyzed 8-fold on three different days. released glycans were analyzed by CGe-LIF after aPTS-labeling, peaks were picked and assigned, and peak areas were normalized. relative peak areas are given, and standard deviations are indicated. 5 min at 1500 g into 96-well receiver plates (Prozyme). Samples were dried by vacuum centrifugation.
Labeling and purification of glycans Labeling was performed with the APTS-labeling module for 96-well plates (Prozyme, #GP96NG-APTS), consisting of reductant solution, APTS solution and APTS catalyst solution. For 96 samples, typically 104 µl of reductant, 260 µl of APTS catalyst and 104 µl of APTS solution were mixed. Dried glycans were reconstituted in 4.5 µl of the prepared APTS-labeling master mix. 96-well receiver plates were then sealed and the labeling was performed under light protection for 4 h at 50 °C. Clean up after labeling reaction was done with GlykoPrep clean up (CU) cartridges (Prozyme). Twenty milliliters of 5 × APTS sample loading buffer (Prozyme) was filled up to 100 ml with acetonitrile. Samples were then diluted in 200 µl APTS sample loading buffer with thorough mixing and subsequently loaded onto the CU cartridges using 3 min centrifugal force at 300 g followed by 1 min at 1000 g. Then CU cartridges were washed 2 times with 200 µl of APTS sample loading buffer by centrifugation for 3 min at 300 g to remove excess dye and labeling side products. Samples were then eluted with 2 times 50 µl of water by centrifugation for 3 min at 1000 g.
Sample preparation for CGE-LIF For 96 samples, 1250 µl Hi-Di Formamide (Applied Biosystems product code 4311320) was mixed vigorously with 3.5 µl of Basepair Size Standard (Applied Biosystems 500 Rox Size Standard product code 401734). Cleaned up samples were diluted 1:20 with water. Prior to analysis, 2 µl of diluted samples were then mixed with 10µl HI-DI Formamide Basepair Size Standard mixture.
CGE-LIF measurement of APTS-labeled glycans
For the analysis, we used a 48 capillary array of 50 cm length (Applied Biosystem filled with Pop-7™ Polymer (Applied Biosystems). Injection was performed with an injection voltage of 3 kV for 15 s. Run time was set to 1800 s and run time voltage was set at 15 kV.
HILIC-UPLC of 2-AB labeled glycans
Glycans were released with PNGaseF, dried in a vacuum centrifuge, labeled with 2-aminobenzamide cleaned up with a NanoSep centrifugal device (Pall Life Sciences) and separated by HILIC-HPLC with fluorescence detection. 49, 50 HILIC-UPLC-MS/MS of APTS-labeled glycans APTS-labeled glycans were prepared as described before, but we used 500 µg instead of 5 µg of Mab1 for HILIC-UPLC-MS/ MS experiments. HILIC-UPLC analysis were perfomed using ACQUITY UPLC BEH Glycan column from Waters (2.1 × 150 mm, 1.7 µm) with constant flow of 500 µl/min using gradient elution from 25% to 40% of Eluent A in 38.5 min. Eluent A consisted of 50 mM ammonium formate at pH 4.4 in water and Eluent B was acetonitrile (J.T. Baker MS grade). Prior to analysis 25 µl of labeled glycans in water were diluted in 75 µl acetonitrile (J.T Baker MS grade). 35 µl of the diluted glycans were injected. The UPLC system was equipped with a fluorescence detector (APTS detection extinction 473 nm; emission 520 nm) and directly coupled to an Orbitrap Velos mass spectrometer (Thermo scientific). Full MS and MS/MS of APTSlabeled glycans were acquired online in one experiment. The MS was operated in the negative ion mode. Source settings for MS were chosen as followes; capillary voltage was set to 5.0 kV; capillary temperature at 275 °C, sheeth gas flow at 42.0 (arb) and auxiliary gas flow at 5.0 (arb). For full MS we used analyzer FTMS (Fourier transform mass spectrometry) mode, scan type full, resolution at 30000 and data acquisition type profile. MS/ MS experiments were conducted in the Ion Trap mode, collision energy was set fix at 35 mV and data acquisition type centroid. For fraction collection, fractions were collected manually.
CGE-LIF data analysis
The data analysis was performed by an in-house developed Matlab application. The software normalized the migration time on the internal base pair standard by a regression function of 2nd polynomial order. To eliminate minor deviations and to increase the comparability of different data sets, the peak corresponding to G0 (H3N4F1) was shifted to an bpuvalue of 281.9. 31 For the assignment of the remaining peaks, a database that contained the bpu-values and the accepted deviation of the expected glycans was used. Finally, the area of the assigned peaks was determined and the relative area of the glycans calculated.
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